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BACKGROUND OF THE INVENTION 
1- Field of the Invention 

[1] The present invention relates to a device and method for managing power in 
a computer system. 

2. Background of the Related Art 

[2] In a general computer system such as a notebook computer or a desktop 
computer, according to a system operating state, an operating system adjusts the power 
management state of a CPU to one of the states CO to C4 defined in the. ACPI (Advanced 
Configuration and Power Interface) standard, as shown in Fig. 1. The CO state is a CPU 
working state, die CI state is a CPU halt state and the C2 state is a CPU sleep state with a 
clock input being granted. The C3 state is a CPU stop state with an external clock input 
being stopped, and the C4 state is a C3 state with a low drive voltage being applied. In 
general, if the CPU enters an idle state, the power management state becomes the C3 or C4 
state defined in the ACPI standard to prevent unnecessary power consumption. 

[3] When the operating system executes only a program for an audio device 
through an interface with an audio controller or only a program for a USB device through 
an interface with a USB controller, the CPU of the computer system is operated at only 
about 10% of the maximiam performance mode. Althoiagh when the operating system 
executes only the audio device program or the USB device program and the CPU of the 
computer system operates at only about 10% of the maximum performance mode, the 
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CPU maintains the C2 state (i.e., a CPU sleep state with a clock input being granted) 
unchanged or CI state, causing unnecessary power consumption. 

[4] As described above, the related art computer system has various 
disadvantages. For example, in a notebook computer, unnecessary maintenance of the C2 
state leads to unnecessary power consumption of about 1.5W since the power 
consumption difference between the states C2 and C3 is 1.5W, which also causes an 
increase in the system temperature due to the CPU's heat. 

[5] The above references are incorporated by reference herein where appropriate 
for appropriate teachings of additional or alternative details, features' and/or technical 
background. 

SUMMARY OF THE INVENTION 

■J .'. 

[6] An object of the invention is to solve at least the above problems and/or 
disadvantages and to provide at least the advantages described hereinafter. 

[7] Another object of the present invention is to provide a device and method 
for managing power in a computer system that can determine both a pbwer management 
state of a CPU and whether a specific device is in use to selectively force a reduced power 
management state. 

[8] Another object of the present invention is to provide a device and method 
for managing power in a computer system that can check both a power management state 
of a CPU and whether a specific device such as an audio or USB (Universal Serial Bus) 



2 



device is in use in a computer system to adjust the computer system to a power saving state 
responsive to the checked results. 

[9] Another object of the present invention is to provide a device and method 
for managing power in a computer system including a filter driver that can determine a 
power management state of a CPU and whether a specific device is in use to selectively 
force a reduced power management state. 

[10] Another object of the present invention is to provide a device and method 
for managing power in a computer system including a filter driver having a packet 
monitoring function that detects whether a specific device such as an audio device or a 
USB device is in use, and if the detected result is that the specific device is in use, checks 
whether the power management state of a CPU at a CI or C2, and then the power 
management state of the CPU is directly set to a C3 or C4 state according to the checked 
result, independent of the operating system. 

[11] In order to achieve at least the above objects and advantages^ in a whole or in 
part, in accordance with one aspect of the present invention there is provided a method for 
managing power in a computer system that includes checking whether a prescribed device 
is in use, identifjring a power management state of a CPU and forcing the power 
management state of the CPU to enter a prescribed power saving state when the 
prescribed device is in use according to the identified power management state. 

[12] To further achieve at least the above objects in a whole or in part, in 
accordance with one aspect of the present invention there is provided an article including a 
machine-readable storage medium containing instructions for managing power in a 
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computer system including therein a filter driver having a monitoring function, said 
instructions, when executed in the computer system, causing the filter driver to check 
whether a specific device is in use, check a power management state of a CPU and force 
the power management state of the CPU to enter a specific power saving state, when the 
specific device is in use according to a result of the check on the power management state 
of the CPU. 

[13] To further achieve at least the above objects in a whole or in part, in 
accordance with one aspect of the present invention there is provided a computer system 
that mcludes a CPU, an operating system configured to set a power management state of 
the CPU in the computer system while dividing the power management state into a multi- 
step operating state and power saving state, at least one prescribed device and a filter driver 
configured to transition the power management state of the CPU to a"c prescribed power 
saving state according to a current power management state and a status of the prescribed 
device. 

[14] To further achieve at least the above objects in a whole or in part, in 
accordance with one aspect of the present invention there is provided a device for 
managing power in a computer system that includes a CPU, and one of an audio device 
and a USB device, wherein the CPU has a multi-step operating and power saving state, said 
device including an operating system configured to set a power management state of the 
CPU and a filter driver configured to force the power management state of the CPU to be 
set from a CI or C2 state defined in the ACPI standard to a C3 or C4 state defined in an 
ACPI standard when said one of an audio device and a USB device is in use. 



[15] Additional advantages, objects, and features of the invention will be set forth 
in part in the description which follows and in part will become apparent to those having 
ordinary skill in the art upon examination of the following or may be learned from practice 
of the invention. The objects and advantages of the invention may be realized and attained 
as particularly pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[16] The invention will be described in detail with reference to the following 
drawings in which like reference numerals refer to like elements wherein: 

[17] Fig. 1 is a table showing power management states of avCPU defined in a 
prior art ACPI (Advanced Configuration and Power Interface); 

[18] Fig. 2 is a block diagram showing the configuration of a computer system to 
which a power management device and method according to the present invention is 
applied; 

[19] Fig. 3 is a conceptual view showing the cooperation state between a CPU, an 
audio device, and an operating system interfacing with a filter driver according to the 
present invention; 

[20] Fig. 4 is a flowchart showing a method for managing power in a computer 
system according to preferred embodiment of the present invention; and 

[21] Fig. 5 is a flowchart showing a method for managing power in a computer 
system according to another preferred embodiment of the present invention. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[22] Fig. 2 is a block diagram showing the configiaration of a computer system 
including an embodiment of power management device according to the present invention. 
As shown in Fig. 2, the computer system can include a CPU 10, a video controller 11, a 
north bridge 12, a RAM 13, an audio controller 14, an I/O controller 4 5, a south bridge 
16, a hard disk 17, a keyboard controller 18, etc. An operating system program and a filter 
driver program having a packet monitoring function can be stored in the hard disk 17. 
The south bridge 16 can include a power manager (PM) 150 and a USB controller 151. 

[23] As the system boots up, an operating system (OS) stored (4 the hard disk 17 
can be uploaded to the RAM 13 and executed. According to the system operating state, the 
operating system 130 uploaded to the RAM 13 can adjust the power management state of 
the CPU 10 to one of the states CO to C4 defined in the ACPI (Advanced Configuration 
and Power Interface) standard, as shown in Fig. 1. A filter driver program 131, together 
with the operating system program 130, can be uploaded to the RAM 13 and executed as 
the system boots up. 

[24] Fig. 3 is a diagram showing an exemplary cooperation7..state between the 
CPU, the audio device, and the operating system interfacing with the filter driver according 
to embodiments of the present invention. Fig. 4 is a flowchart showing an embodiment of 
a method for managing power in a computer system according to the present invention. 
The embodiment of a method for managing power in a computer system of Fig. 4 can be 
applied to and will be described using the computer system shown in Fig. 2. However, the 
present invention is not intended to be so limited. 
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[25] The filter driver 131 and the operating system 130 uploaded to the RAM 13 
can perform a mutual interface operation as shown in Figs. 3 and 4 (block SIO). The 
operating system 130 preferably transfers a message such as an IRP (In/Out Request 
Packet), containing a command for controlling the use of the audio .device or the USB 
device, to the filter driver 131. 

[26] The filter driver 131 can transfer a message such as an FIRP (Filter IRP) for 
controlling the use of the audio or USB device to the audio controller 14 or the USB 
controller 151. In addition, the filter driver 131 monitors (e.g., coritiiiuously) the IRP 
outputted from the audio controller 14 or the USB controller 151 to detect and check 
whether or not the audio or USB device is in use (block Sll). 

[27] If the detected result at block Sll is that the audio or USB device is not in 
use (block S12), the filter driver 131 can allow the current power management state of the 
CPU to remain unchanged (block S13). If it is determined that the detected result is that 
the audio or USB device is in use (block SI 2), the filter driver 131 can produce a 
corresponding FIRP and transfer it to the operating system 130, and ^^gan also check the 
power management state of the CPU. 

[28] If the audio or USB device is in use while the checked power management 
state of the CPU is currendy set to a state (e.g., CO) that correspondi.to a CPU working 
state (block S14), the filter driver 131 preferably allows the CPU power management state 
to remain unchanged (block Si 3). 

[29] If the audio or USB device is in use while the checked power management 
state of the CPU is currendy set to a power management state (e.g.,Cl, or C2 state), the 
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filter driver 131 preferably sets or allows the CPU power management state to be forcibly 
set to a power savings state (e.g., C3 or C4 state), independently of the operating system 
130. However, if the checked power management state of the CPU is currentiy set to the 
C3 or C4 state, the filter drive 131 preferably maintains the CPU power management state 
unchanged. 

[30] Accordingly, while performing a countdown such as from a predetermined 
time or a predetermined count (block SI 5) or the like, the filter driver 131 can check 
whether the power management state of the CPU enters the C3 or C4 state that 
corresponds to a power saving mode (block SI 6). If the power manag^^ment state of the 
CPU has entered the C3 or C4 state in the predetermined time (block SI 6), the filter driver 
131 maintains the current CPU power management state unchanged (block S13). On the 
contrary, if it is determined that the CPU power management state has not entered the C3 
or C4 state even after the predetermined time or count has lapsed (bldck SI 7) (e.g., after 
the countdown time has reached zero) the filter driver 131 can transfer a message such as a 
FIRP for forcing the CPU power management state to enter the C3 or C4 state (e.g., a 
power saving mode) to the CPU 10 to forcibly set the CPU power niiinagement state to 
the C3 or C4 state (block S18). 

[31] The filter driver 131 preferably continuously or periodically performs the 
operation for monitoring the IRP outputted ftom the audio device or the USB device until 
the system is tvirned off (block S19). Accordingly, it is possible to effiectively reduce or 
prevent unnecessary power consumption in the idle state of the CPU in which the 

utilization of the CPU is only about 10% of the maximum performance mode. In a 

* 

8 



general computer system, when the operating system executes only the audio device 
program or the USB device program, the CPU is operated at only about 10% of a 
maximum performance mode. 

[32] Fig. 5 is a flowchart showing a method for managing power in a computer 
system according to another embodiment of the present invention. The embodiment of a 
method for managing power in a computer system of Fig. 5 can be applied to and will be 
described using the computer system show in Fig. 2. However, the present invention is 
not intended to be so limited. 

[33] As shown in Figure 5, the filter driver 131 and the operating system 130 
uploaded to the RAM 13 perform a mutual interface operation as described above with 
reference to Figs. 3 and 4 (block S20). The filter driver 131 can.^i:heck the power 
management state of the CPU 10 to determine whether the power management state is 
currendy set to the CO, C3 or C4 state, in which the CO state corresponds to the CPU 
working state and the C3 or C4 state corresponds to the power saving mode (block. S21). If 
the determined result at block S21 is that the power management state is currendy set to 
the CO, C3 or C4 state, the filter driver preferably allows the power management state of 
the CPU to remain unchanged (block S22). 

[34] If the determined result at block S21 is that the power naankgement state of 
the CPU is currendy set to the Cl or C2 state, the filter driver 131 can monitor (e.g., 
continuously, periodically or repeatedly) an IRP outputted from the audio controller 14 or 
the USB controller 151 to check whether or not the audio or USB device is in use (block 
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523) . If it is detected that the audio or USB device is not in use (block S24), the filter driver 
131 can allow the current CPU power management state to remain unchanged (block S22). 

[35] If it is detected or determined that the audio or USB device is in use (block 

524) , the filter driver 131 can produce a corresponding message such as a FIRP (Filter 
In/Out Request Packet), and transfer it to the operating system 130. In addition, while 
performing a countdown from a predetermined time (block S25), the fiitier driver 131 can 
check whether the power management state of the CPU enters the C3 or C4 state that 
corresponds to a power saving mode (block S26). If it is determined at block S26 that the 
power management state of the CPU 10 has entered the power saving stateL.(e.g., C3 or C4 
state) in the predetermined time, the filter driver 131 can allow the current CPU power 
management state to remain unchanged (block S22). If it is determined that the CPU 
power management state has not entered the C3 or C4 state even after the predetermined 
time has lapsed, e.g., after the countdown time has reached zero (bloc^k S27), the filter 
driver 131 can transfer a message or packet such as an FIRP for forcing the CPU power 
management state to enter the C3 or C4 state (e.g., the power saving mode) to the CPU 10 
to forcibly set the CPU power management state to the C3 or C4 state (block S28). Thus, 
the filter driver can set the CPU power management state independent of the operating 
system 130. 

[36] As described in preferred embodiments of an apparatus and method 
according to the present invention, upon determining a prescribed .device (e.g., audio 
device or USB device) is in use and a CPU is in a first power reduction mode (e.g., ACPI 
modes CI or C2), the CPU is preferably transitioned to a second (greater power savings) 
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power reduction mode (e.g., ACPI modes C3 or C4). Preferably, a delay interval passes 
before the transition is forced to the second power reduction modes (e.g., blocks S15-S17 
of Fig. 4). Such a delay could be monitored using a delay timer, a countdown circuit or the 
like. Further, monitoring coxild be only once, a few times or each urne during a time 
interval or a countdown value to zero. However, the present invention is not intended to 
be so limited as other methods of determining and monitoring during a delay interval can 
be used. In addition, such a delay interval can be considered optional. 

[37] The filter driver 131 preferably performs the operation for monitoring the 
IRP outputted from the audio device or the USB device until the system is turned off 
(block S29). Accordingly, it is possible to effectively reduce or prevent unnecessary power 
consumption in the idle state of the CPU in which the utilization of the.^GPU is only about 
10% of the maximum performance mode. 

[38] Various software or firmware layers based upon a module or routine format 
containing application programs, operating system modules, device drivers, BIOS modules 
and interrupt handlers can be stored in at least one storage mediuni provided in the 
computer system. The applicable storage media include hard disc drives, compact discs 
(CDs) or digital versatile discs (DVDs), floppy discs, nonvolatile memories and system 
memories. The modules, routines or other layers stored in the storage medium contain 
instmctions for allowing the convertible computer system to execute programmed acts when 
executed. 

[39] The software or firmware layers can be loaded on the system by one of 
various methods. For example, code segments are stored in floppy discs, CD or DVD discs 
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or hard discs, or code segments transported through a network interface card, modem or 
other interface devices can be loaded on the system and can be executed by a corresponding 
software or firmware layer. In die loading or transporting process, the code segments and 
data signals carried by a carrier (dirough a telephone line, a network Une, a radio link, a cable, 
etc.) can be sent to the system. 

[40] As described above, embodiments of a device and method configured to 
manage power in a computer system according to the present invention have various 
advantages. For example, embodiments of a device and method for managing power in a 
computer system can reduce or avoid unnecessary power consumption ekiised by a CPU in 
an idle state, and also effectively reduce or suppress heat generated by the CPU. 

[41] The foregoing embodiments and advantages are merely exemplary and are not 
to be construed as limiting the present invention. The present teaching can be readily 
applied to other types of apparatuses. The description of die present invention is intended 
to be illustrative, and not to limit the scope of the claims. Many alternatives, modifications, 
and variations will be apparent to those skilled in the art. In the claims, means-plus-funcrion 
clauses are intended to cover the structures described herein as performing the recited 
function and not only stmctural equivalents but also equivalent structures. 
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